Abstract
Introduction

13
The availability of online prices represents a unique opportunity for the construction of price indexes 14 and the measurement of inflation around the world. An unprecedented amount of micro-level price 15 data can now be collected using special software that finds and aggregates detailed product information 16 available in online retailers across the web. This type of data collection can be collected remotely, at 17 much higher frequencies, and a tiny fraction of the cost of traditional price-collection methods.
18
Among it many potential uses, price indexes constructed with online data can be used to obtain MIT. Every day a software scanned the websites of the largest supermarkets in each of these countries,
29
collecting product-level data and storing it in a database. Over time, a panel dataset was constructed with 30 detailed information on each product, including prices, product IDs, and a category indicator. Data from 31 six supermarkets are analyzed in this paper, two for Argentina and one for each of the other countries.
32
On average, there are 20,752 individual products per retailer.
33
A combination of online prices, standard CPI methodologies, and official category weights is used to 34 build an "online price index" in each country. Each online index is then compared to an equivalent official 35 supermarket index, constructed as a weighted average of the official CPI components of food, beverages,
36
and household products (the same categories available in the online data).
37
In Brazil, Chile, Colombia, and Venezuela, the online indexes are able to approximate both the 38 average level and main dynamics of official inflation. The matching is best in Chile, with an average 39 annual inflation of 3.00% online and 3.19% offline, and a correlation of 0.97 in the annual inflation series.
40
The match is also close in Colombia, both for the level and dynamics of annual inflation, which dropped 
96
In all cases, the online data contains a combination food, beverages, and household products. Cat-97 egories range from "Eggs" to "Appliances", with about a third of them corresponding to household 98 products (including cleaning materials, health and beauty products, furniture, appliances, and books).
99
These categories account for between 28.44% (Colombia) and 48.51% (Argentina) of CPI weights in these 100 countries, as shown in Table 1 . 
Online Price Indexes
102
The online price indexes use a combination of online data and official category weights. The method-
103
ology follows the way CPI statistics are constructed in these countries as closely as possible, but there 104 3 Detailed official category weights, for the products available in each supermarket, are shown in Appendix Table ? ?.
are some difference in the treatment of the data.
105
First, daily data are used to construct the online price indexes. Such high-frequency is useful to observe 106 short-term patterns in the data that help validate the online information, as discussed in Section 5.3.3,
107
although similar results can be obtained with monthly data.
108
Second, the online indexes are built using prices for all products available for purchase at each retailer.
109
This implies that the basket of goods changes dynamically over time as products appear or disappear 110 from the online stores, and that the number of prices for product varieties tends to be much larger than To build the index, price changes are calculated at the product level, then averaged inside categories 125 using unweighted geometric means, and finally aggregated across categories with a weighted arithmetic 126 mean. In particular, the first step is to obtain the unweighted geometric average of price changes in 127 category j for each day t:
where p i t is the price of good i at time t, n j,t is the number of products in category j that are present 129 in the sample that day.
130
The second step is to compute the category-level index at t:
131
4 See ?? in the Appendix for details.
Finally, the Supermarket Index at time t is the weighted arithmetic average of all category indexes:
where w j is the official CPI weight for that category and W is the sum of all the weights included in 133 the sample.
134
The classification of products and weighing of categories is one of the most complex parts of this [10] , and [12] . 6 The annual inflation rate is not equal to the sum of the monthly inflation rates because it is not computed as the difference in logged values of the index across periods. Instead, it is the difference in index levels between periods. This is consistent to the way the Argentine Statistical Office (INDEC) computes both monthly and annual inflation rates every month. See the Appendix for details.
country's population and CPI weights. 
Four Latin American Countries
157
This section studies the performance of online price indexes in Brazil, Chile, Colombia, and Venezuela.
158
These countries have similar online markets and CPI methodologies as Argentina, which is studied in 159 detail in the next section.
8 All indexes are weighted using official CPI weights, with the exception of
160
Venezuela, where the online data could not be classified into the standard official categories. In that case,
161
an un-weighted index is constructed with a simple geometric average of all price changes observed each 162 day. these countries, as shown in Table 2 .
The graphs in Figure 1 show a remarkable ability of online indexes to track the main inflation trends 171 over long periods of time. Although there are periods when online inflation is rising faster (or slower) 172 than official estimates, over time both indexes follow a common trend. Indeed, Table 2 shows that the 173 average annual inflation rates for the period are nearly identical for all countries. This happens both in a 174 low-inflation country like Chile, where the annual rate is 3% online and 3.19% in official series, and also 175 in a high-inflation country like Venezuela, where the annual rate is 27.43% online and 29.38% in official 176 data.
177
In the annual inflation series shown in Figure 2 , Chile and Colombia stand out for the close match 178 in both the level and dynamics of annual rates. In Chile, the online and official estimates are nearly 179 7 Santiago has 55%, Buenos Aires 32%, Caracas and Bogota 22%, and Rio de Janeiro 8% of the total population in each country).
8 The 2009 World Development Indicators (World Bank) estimate an internet user penetration of 30.4% in Argentina, 39.2% in Brazil, 33.9% in Chile, 45.5% in Colombia, and 31.2% in Venezuela.
9 The unweighted index implicitly weighs products by the number of items within each sub-category. For example, milk comes in many forms and product sizes, so when all individual products are included in the index, "milk" will receive a relatively large weight in the supermarket index. Unweighted indexes can provide a good approximation if there is a link between the variety of products and the share of expenditure that a category represents. Consistent with this idea, [14] find a strong correlation between the number of SKUs and purchase volume in a large US retailer. The results of this paper hold if unweighted indexes are used in all countries, as shown in the Appendix. 10 See the Appendix for more comparisons between the all-items CPI and the official supermarket index 
196
In all countries, as we move from annual to monthly rates, the matching between online and official 197 series becomes weaker. The correlation between series shown in Table 2 tends to be lowest for the monthly
198
rates. This is caused by the use of data from a single retailer in each country, which in the short run can 199 adjust its prices slower or faster than the economy as a whole. Indeed, many of the temporary deviations 200 from the official index in Figure 1 appear to be driven by idiosyncratic characteristics of these retailers.
201
For example, the retailer in Brazil tends to increase a large number of prices few months rather than tend to be corrected after a few months, improving the matching at the annual frequency.
205
In short, these results show that online price indexes -even when constructed with data from a single Figure 5 was part of that effort.
Large Differences with Official Data
239
The online supermarket index for Argentina, built using online data and official category weights, is 240 compared to an equivalent official index in Figure 3 . Table 2 , the correlation in annual inflation rates is high in 248 Argentina, just like in Chile and Colombia.
249
The monthly inflation rates tell a similar story. The online rate has been consistently above the Table 2 also shows how the official monthly inflation rate is far more 254 stable in Argentina than in any of the other country (relative to the observed online volatility).
255
These results are puzzling because they are exactly the opposite to those in the other countries. Online 256 data cannot match the official level of inflation in Argentina, which on average is 20.14% vs the official 257 8.38%, but it does an excellent job in matching even the short-run dynamic behavior of inflation rates.
258
Indeed, the contemporaneous correlation in the monthly inflation series is higher in Argentina than in 259 any other country. If the data from this single retailer were not representative, then we would expect the 260 short-term dynamics to be affected first, as it appears to happen in Brazil. 
Robustness
262
This section considers several robustness tests to find alternative explanations for the differences 263 in Argentina's online and official inflation estimates. I consider three alternatives: using data from a 264 different online supermarket, using only the prices of goods that were under price controls, and using a 
Alternative Supermarket
267
The fact that online data can match official inflation rates so well in other countries, but so badly in Another possibility is that this particular retailer is not representative of the country as a whole. To 278 test this, I constructed an online price index using data from Retailer #2. As described in Section 2, 279 this is a supermarket with widely different characteristics: a small, online-only supermarket that targets 280 high-income people. There is no category information for products in this retailer, so the index includes 281 only a simple geometric average of daily price changes among all products in the retailer each day. This 282 is the same methodology used for Venezuela, where it does a good job at matching official inflation.
283
The online indexes for both retailers are shown in Figure 4 . No matter what retailer is used, the 284 online inflation rate is significantly higher than the one reported in official data. 
Alternative Data: Price Controls
286
Another explanation for the differences with official data may be that INDEC uses prices for goods 287 with price controls. These goods can be identified online because retailers place images next to the 288 products that read things like "Government Agreed Price". The scraping software can automatically 289 record whether a good was under a price control or not each day with a binary indicator.
290
During this period, the government periodically imposed price controls on a set of goods after reaching 291 "agreements" with the major supermarket chains in the country. Although the details were never made 292 public, the scraped data reveals that 597 products where under a price control at some point in time in
293
Retailer #1, with restrictions lasting a few weeks each time.
294
Figure 4 shows a price index that includes only price-controlled goods. The inflation rate is far more 295 volatile than when we use all goods in the supermarkets. This volatility rises naturally from the fact that 296 each price control lasted only a few weeks, and retailers tended to increase prices much faster when the 297 controls ended, probably to compensate for any delayed price-adjustments. Therefore, the price control 298 policy was clearly ineffective at containing the inflation rate of these goods over the long run. Indeed, 299 the average inflation rate is similar to the other online price indexes, and significantly higher than the 300 official estimates. The results so far strongly suggest that the INDEC is manipulating the official inflation estimates. This simple approach yields an index with a remarkable resemblance to the official data, as seen in 328 Figure 6 . This suggests that the way the data is being altered is far simpler than commonly assumed.
329
After all, the INDEC is a large organization, with many employees involved with the data collection and 330 13 Details for the basket and weights is provided in the Appendix. 14 The online supermarket index also has a sharp increase in march 2008, but the effects appear to be permanent in this index. It is possible that supermarkets used this shock as an opportunity to justify increases in the aggregate index that had been delayed for some time. In particular, the year before the strikes the government was very aggressive with the implementation of price controls and boycotts against supermarkets that raised prices.
construction of the price indexes. Instead of changing the prices at the item level, it is probably easier 331 for the government to change the aggregate numbers, which are seen by just a handful of people at the 332 end of the CPI calculation process. The bias in inflation estimates also affects other statistics, such as the poverty and real GDP estimates.
335
For example, the differences with the CBA index shown in Section 5.3.3 has a direct implication for adjusting the CBA to obtain the broader "Canasta Basica Total" (CBT), which adds non-food items to 342 the basket, the level of poverty becomes 25.9% compared to the 9.9% officially reported. shows that both series were closely correlated, which is the expected behavior under normal conditions. The Appendix contains several other alternative approaches that try to replicate the official numbers. Some are methodological, such as using the cell-relative imputation of missing prices or the use of unweighted indexes, and others use special subsets of the data, such as including only the lowest inflation goods in each sub-category. None of them is able to match the low inflation estimates in the official data.
16 The CBA cost is multiplied by 2.16 to obtain the CBT cost. This coefficient, reported by the INDEC, is the inverse of the share of food over all basic household expenditures.
17 There are reasons to expect small and temporary differences between the GDP deflator and the CPI. The CPI includes only consumer prices, while the GDP deflator includes the prices of goods purchased by the government and firms. In addition, the CPI includes prices of both imports and exports, while the GDP deflator focuses exclusively on domestically produced goods. These reasons, however, do not seem able to justify the persistent differences observed since 2006.
performance of the country. and Venezuela. The matching is best at annual frequencies and improves when the data comes from 363 supermarkets with large market shares and cities that are more representative of the country as a whole.
364
The results for Argentina, by contrast, confirm the suspicion that the government is manipulating Indeed, online inflation has been consistently between two and three times larger than in official estimates 368 for over three years. On average, the online index had an annual inflation rate of 20.14%, compared to just 
372
Several robustness exercises were considered, but none seems able to account for these large discrepan-373 cies with official data. The best approximation to the official series is to simply assume that the inflation 374 rate is one-third of the one observed in the online data.
375
There is no clear reason for why the government continues to manipulate the official price indexes.
376
Some economists point to lower interest payments for inflation-linked bonds, while others highlight the 377 fact that, by using artificially low inflation estimates in the budget, the government can avoid distributing Notes: The daily online supermarket index is constructed with a online prices and official CPI category weights. In Venezuela, the online data has no category information and therefore the online index is built as a geometric average of all price changes observed each day. The official supermarket index is an equivalent indicator constructed as a weighted average of the "Food and Beverages" and "Household Products" official price indexes in each country. Notes: Argentina's Retailer #1 is the largest supermarket chain in the country. Retailer #2 is a smaller supermarket that sells exclusively online to a higher-income population. The index for Retailer #2 is an un-weighted index because the data lacks information on product categories. The Price-Controlled Index uses data from 597 products that were under price controls imposed by the government at some point in time during the sample period. Although higher than the CPI, the GDP deflator still has less inflation than the online index in the past three years. Assuming the deflator had increased at the same rate as the online index, then we can compute an "Adjusted Real GDP" with a growth rate that is significantly lower than in official estimates. Note: The top panel shows that Argentina is the only country where online data does not approximate the average official annual inflation rates. However, the second panel shows that the correlation between the monthly inflation rates is higher in Argentina than in any of the other countries. The discrepancy is therefore in the level of inflation reported, not its dynamic behavior over time. The third panel reinforces this idea with a simple OLS regression of the official monthly rate and 12 lags of the online monthly rate. The R2 is highest in Argentina, which is also the only country where the constant is statistically significant. The fourth panel shows that the official monthly inflation rate is indeed surprisingly stable in Argentina compared to both the online index and the volatility observed in a high-inflation country like Venezuela.
